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SEVERAL STUDIES have indicated oc-
cupational factors in the occurrence of var-

ious chronic diseases. One may cite "chimney
sweep's cancer"' (1), lung cancer among chro-
mate workers (2), and, more recently, higher
rates for coronary heart disease (3) among Lon-
don bus drivers as compared with bus con-
ductors.

It would seem possible that a comprehenisive
survey of the frequency of other diseases among
all occupations as recorded on death certificates,
relating these to the numbers of persons in the
occupations enumerated by the census, would
provide valuable epidemiological leads-that
is. the formulation of hypotheses about the, oc-
cupational origin of certain diseases.

Suclh studies would require much detail and
accuracy, both in the coding of cause of death
and in the coding of occupation. After more
than a half century of codification and revision,
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the Interniational Statistical Classification of
Diseases, Injuries, and Causes of Death has
become a workable and consistent tool, with
sufficient detail and sufficient accuracy for the
purpose. This detail and accuracy has been
achieved by queryinig causes of death that are
ill defined or not understood and by a coding
system that requires definite and unambiguous
statemenits.
For the other axis of classification, occupa-

tion, two major coding systems have been de-
veloped in the United States since 1850: The
Dictionary of Occupational Titles developed by
and for the United States Employment Service
and the system developed for the Bureau of the
Census by Dr. Alba M. Edwards and others.
These systems agree only in broad categories.
Furthermore, the occupations reported on death
certificates are not routinely coded and thus
are not policed for completeness and accuracy
as are reported causes of deatlh. This has led
to distrust of the accuracy of the occupation
entries and to a natural reluctance to use the
entries even in the search for epidemiological
leads. Only by use, coding, and querying will
occupation reporting increase in accuracy.
The only population base available by occu-

pation for computation of rates is that pro-
vided by the decennial census enumerationi. As
we will point out, the definiitioni for occutpa-
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tional classificationi on1 death certific,ation anld
census eniumileration are different. A major epi-
demiological considerationi is the (legree of
agreemiienit betweeni these two enitries in spite
of the differenices in definitiol.

Materials of the Study

Tlhe 1present study was un(lertaken by the
lbureaui of chlroic cliseases, Californmia State
Healtl D)epartment, to examinie the errors re-
suiltinig from- the presenit, less thani perfect, oc-
culpationl reporting on1 deathi certificates.
Tlhoulghl based on a chlunk sample, the study
offers evi(lence and coiclusionls which miiay be
of some use. A recent iiivestigatioin of luingy
cancer (4) mnade available life-lonig occupa-
tional (lata, on certaill personis. WVe took the
op)portumnity to comiipare these (lata, with deatlh
certificate statemiienits of occul)ationl for the
sam-ie p)ersons.

Duiri'ng 1949, 1950, and 1951, trc-ained occul-
pationial analysts took coml)lete occupational
]Iistories fromll 518 luingy c-anicer patieints and(I 518
conitiol p)atients. The p)atients, ran1ging in age
from 3() to 80 years, were located in university,
counlty, private, and Federal hospitals. Pa-
tienits in thlese lhospitals came largely fromn the
mididle and working classes of the California
popuilationi so thalIt professioiial and managerial
classes weere uinder-represented. Since milost of
the hospitals wer-e i iiurbani areas, the farm-ing
1)01)pl1ati on was also pooily represenited.
The miieni in this group wer-e followed tlhroti(rlo

the (deathi in(lexes of the Califo Cia 1)eDpartmnent
of IPtublic hIealth1 for 1949 thiroughi 1952. FoIur
hiuindred and twenty-three mnale (deaths of all
ages (imostly of th1e lungy cancer cases) were
fouInl(l. A copy of the death1 cer-tificKate was
obtafined for eachI deathi anCd was attaclhed to
the occupational h1istorv forIII. Onily the 304
miales a(ged 35 to 64 wvere uised for the balance
of this sttulv. IPeisons unlider 35 are ofteni not
"settled" in aniy occupationi, anld tlhere are rela-
tively few deatlhs fromii chlronic (lisease occur-
ring in this age,e rainge. Siiice pei-solis G5 and
over atire frequenitlyv etired or have taken termi-
iial occull)ations, oinly incomplete and less satis-
factory 1opilolation couinlts by occupation are
availal)le fr-om the ceinsus enmeraltion for rate
coml)litations in this age groul).

Assigning Occupational Categories
Before workinig out the probleiims in compar-

iln (leath certificates ancd occupational hiistories
when usingl closely specified occutpations, it is
niecessary to know whlat is meant by occupation.
Unfortunately, defining occupation is in itself
a mnajor problemi. Besides the two coding, sys-
temils lnoted, several assiginimlelnt milethods oIr defi-
nitiOlls a(rellse(l illn lrIlious special fields. Tlhere
is in adldition the comiplete occuipationial history
of time person conicern-ied. For phriposes of clar-
ity, it seeniis (lesirable to list anid explain the
dlefiniitionis and(I the five metlhods tlins stu(ly use(d
for- assigning indiid(lvmals to occupation cate-
gol ies.

1. The entry of occtipation on the deathi cer-
titicates ofteni is tlhe 1'raw material iin any stil(ly
of (leath rates by occupations. InlstruilctionIs in
California aIId in miiost, otlher States for eiuterinog
OCCulpatiolns o11 (lealtlh certificates aire base(d oni
the miio(lel certificate proposed by the National
Office of Vital Statistics of the Puiblic hlealtlh
Serv-ice. The actual enitry, whletlher or niot it is
in faccordanice with these inlstrulctions, will be
tcalled "te(leeath certificate occIupationi'! or' "the
dleathlcertificate entry."

2. TIme complete occupatiolnal hlistory- of the
person coiicernle(l is a chronological list and(I
dlescriptioni of ocupclations and lenigths of time
spenit at eaclh. Thlis iniformiiatioi lhas been
recorded for the limited group of peisoins ill
the present study. For the purposes of this
invlestigation, it will be assumii-ed that tlhe listingt
is corllect although somlle memllory loss, al(l per-
liap)s bias occurred. T1liis list wvill be£ calle(l
'ftle occupatiollal lhistory.'

3. The cenisuis misetlhod of assigningy a persoll
to ain occul)ation is giveni in Bureaui of the
Cenisuis plublicatiomis (5). It is ain operational
defimiition, (le rive(d fromianswer s to the qutestion,
"Whmat kinid of work -was lie doing . . . at the
job hle lhel (lurI ng the cellsus week . . . at the
last job lhe lheld [if lhe we-ere iunemiployed] ?" Ill
effect, tlheni, tIme occupational populatio0s (le-
ivedl fronii the cenisus eniumeration, towi ich

I-lie death certificate occupations nieed be related
for' the compi)utimg rlates, are based onl last occII-
pation. Tlis nmietlhod will be called the ceiisiis
metlhod, a(ld time occuipationi dei-ived froii it will
be called "tlhe last occul)ation."

4. Tlhe National Office of Vital Statistics,
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wliielh recommlilenids the rules for death ceitifi-
cate entries, definies the "usual occupation' of
an-i ind(lividuial as "the job lie pulrsiled for the
loingest pairt of hiis woirkinge life" (6). This
will be called the NOVS definition-, an(l the
occIupation deriveed fromii it will be called "tlhe
isuilal occupatioin.'

5. Finally, oni a trial basis, this stuidy uIses
another mnetliod of assigning individuials to
occuIpationls. Epideemiological considerat iolns
require that the occupatioin be pursued for a
sufficiently lonig time so that the exposure to the
occuIpational einvironmilenit canl be expecte(l to
initiate p)athological processes. There is nio
single answer to "lhow long is long enouglh?"' but
5 years is offered as ani estimate for clhlronic
coniditionis. Tlhus, aniy jobs lheld for a total of
5 ye-ars or imore will be called "tlhe exposure
occulpations." Any one individutal, tlherefore,
can, accoirling to this definition, appear in more
tlhan one occupational category.
All the occupationis amid identifying indus-

tries worked in for 5 years or muore were ab-
stracted fIromi the occuIpation-ial history onlto a
3"/ x 5" card. Tlis was accoimplished by using
the 3-digit nuierical codes for occupation and
inidustIr in the Censuis Bureaut's "Alphabetical
Inidex of Occupations andl-Indcustries"' (7).

Tlhree classes of occuipationis were determinied
fronii the occuipational hiistory. These were (a)
the usual oceicpation, dleterminied by the NOVS
definiitioni, (b) the last occupation, determined
by the cenisus i-ietliod, ancd (c) all the exposure
occutpationls (fr equiently nmore tlhan onie for each
individual), determinied by the exposure
nmethod. These clhoseni occupations were also
entered oni the 3" x a" card. Industry identi-
fication was use(l only as an aid to codling the
occupation.

-After the occulpation codes lhad beeni entered
fromii the occupational history, the occupation
and inidustr-y from the death certificate were
copied verbatim onto the card and then coded
accordingo, to the 3-digit numerical code. If the
co(le numiiiibers for ocectpationi ag,reed with re-
spect to all 3 dcigits, the agreement between
occupa,itional hiistoiy and deatlh certificate entry
was conisidered perfect. Agreement failed,
lhowever, whlen the death certificate ancd occu-

pationial hiistory entries (lid not agree in respect
to all 3 digits.

TIme num-ber of cases havinig 3-digit agree-
menit by eachl of the tlhree methods is showni.

Cases
All thlree methods --.------------------------_ 141
Usual occulpatioIn aii(l lalst occupatioin but not

exp)osure occupation-0 ______________ O
Usual occupationi anid exposure occupationi but

not last occupation------------------------- 14
Last occupatio ancl exposure occupation but iot

usual oecupation.-____________________ 45
Usual occupation only__ 0
Last occuipation only___________-_____________ 26
Exposure occupation only _________________ 11

No agreeimient-------------------------------- 67

Total number of cases---. 304

The percentage agreemnent for the "usual oc-
cuipatiolii mnethod is 51.0

(141 + 14= 15).)
304 304

For the "last occupation"l mlletlhod, it is 69.7

(141 + 45+26= 212).
304 304

For the "exposure" metlhod it is 69.4

(141+45+14+ 11=211).
304 304

The tabulation shows that there is a stable
core of 141 personis (46.4 percent) with one and
only onie occutpationideterminied onl their occu-

lational history, nio matte.r whichl miietlhod is
used. To this core are added special classes of
personis to make up each total. Agreemuent in
terms of usual occupation adds only 5 percent
to this core. Last and exposure occtupationls
slhow almuost a 90 percent overlap, that is, the
last occtupation is usually held for 5 years. The
hiighest percenitagce agreement is founid with the
last occupation method, a rather surprising re-
sult in view of the plain request for ustual occu-
pationi on the death certificate.
Our finding indicates that to the people who

furnish the information for entry oni the death
certificate "occupation" seems to mnean current
or present occupation. This finding appears to
be true even if this last occupation is a short-
time (less tlhan 5 years) occupation, which tends
to increase the number of last occupations re-
ported correctly. The poor agreement of usual
occupation apparently results from a tendency
to ignore previous occupations if the last occu-
patiomi lhas lasted several years.
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Table 1. Degree of 3-digit agreement between death certificate statement of occupation and last
occupation, in broad socioeconomic groups

3-digit occupations from death Socioeconomic groupings of 3-digit last occupations from occupational histories
certificates

Socioeconomic group

Professional
Agree
Disagree

Farrm ers and farm
managers
Agree
Disagree

Proprietors, managers,
and officials
Agree
Disagree

Clerks
Agree
Disagree

Sales
Agree
Disagree-

Crafts
Agree
Disagree

Operatives
Agree
Disagree-

Service
Agree
Disagree-

Farm labor
Agree
Disagree

Labor, excluding farm
and mine
Agree
Disagree

Unknown and not in
labor force
Agree
Disagree

Total
Agree-
Disagree-

Number
of re-
ported
cases

24
16
8

11
5
6

17
13
4
14
10
4

22
16
6

92
69
23
36
22
14
44
36
8
4
3
1

33
22
11

7
0
7

304
212
92

I;

Pro-
fes-

sional

Farmers
and farm
managers

Proprie-
tors,
man-
agers,

and offi-
cials

Clerksi Sales ICrafts

__ ~I-

16

18
16
2

5

1--

6
5
1

13

1 1

-i

17
13
4

Opera- Serv-
tives ice

Farm
labor

Labor,
exclud-
ing farm

and
mine

2 2 1

1 1 1

69
1 5 8 3 1

------I-- -4
22
4

36
7

5 4 1

1--- 3 1-
1

14
10
4

23
16
7

82
69
13

47
22
25

55
36
19

10
3
7

22
1

1

32
22
10

Choosing the Method of Assignment
As indicated previously, the populations by

occupation provided by census enumeration are
based on last occupation. The validity of mor-
tality rates by occupation, which are based on
entries of occupation on death certificates on
one hand and census enumerations on the other,
is dependent on the degree to which death cer-
tificate entries represent last occupation. For-
tunately for our purposes here, although in dis-

regard of instructions, death certificate entries
are most apt to be last occupation and not usual
or some other prior occupation. The remainder
of our presentation, therefore, will be concerned
only with the agreement between last occupa-
tion revealed by occupational history and that
entered on the individual's corresponding death
certificate.
We attempted to group occupations accord-

ing to a 2-digit code rather than the 3-digit
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census code. This method resulted in 72 per-
cent agreement on last occupation as against the
69.7 percent agreement with the 3-digit code.
Further improvement in agreement, with loss
of occupational precision, results from the use
of 1-digit or social class code. This would give
76 percent agreement, as can be calculated from
table 1. It does not appear that this increased
agreement would be worth the loss of precision.
In addition, these broad groupings are more
socioeconomic than occupational, and thus ex-
posures peculiar to specific occupations would
be lost.
Another means by which agreement could be

improved would be to code on environmental
exposure, cutting across socioeconomic strata.
This method would require groupings on the
basis of similar exposure, such as grouping to-
gether "farmer" and "farm laborer," widely
separated in the census system, or grouping
together "aviator, army" and "aviator, commer-
cial," also widely separated. Such a plan would
entail development of a. completely new coding
system on exposure and would be entirely dif-
ferent from the approach with which this study

began. Hence, the 3-digit census codes are used
as the basis of agreement or nonagreement for
this study.

Accuracy of Reporting

Only a very few of the many individuial oc-
cupations are present in sufficient numbers to
be treated individually. Grouping these by
broad socioeconomic groups, though admittedly
not the ideal method, allows some estimates
of the variability of reporting accuracy to be
made.

Table 1 presents the death certificate occu-
pation, as taken from the death certificate, in
comparison with the last occupation, as taken
from the occupational history. It attempts to
give a concise report of the occupation shifts
observed. Although occupations are grouped
into the 10 socioeconomic groups used by the
Bureau of the Census, it should be reempha-
sized that percent agreement is by detailed, 3-
digit codes. The failures of agreement are of
two kinds: upgrading and franik errors.
As evidence of errors of the first kind, the

Table 2. Comparisons between numbers designated as having a specific 3-digit occupation deter-
mined from occupational history, and the 3-digit occupation determined from death certificate
entry

Occupational group

Professional -

Farmers ---

Managers -

Clerks - -

Sales
Crafts
Operatives
Service ----

Farm labor-
Other labor

Total -

Correct
number

from occu-
pational
history

(a)

18
6
17
14
23
82
47
55
10
32

304

Number and percent
designated on death
certificate

Number

(b)

24
11
17
14
22
92
36
44
4

33

Numbeir and percent of death certifi-
cate occupations correct on a 3-digit
basis

Percent of
correct
number I

(c)

133. 3
183. 4
100. 0
100. 0
95. 6

112. 2
76. 6
80. 0
40. 0

103. 2

Number

(d)

16
5

13
10
16
69
22
36
3

22

Percent as
designated
on death

certificate 2

(e)

66. 7
45. 5
76. 5
71. 4
72. 7
75. 0
61. 1
81. 8
75. 0
66. 7

I1
4 297 97. 7 212 69. 7

Percent of
correct num-
ber from

occupational
history 3

(f)

88. 9
83. 3
76. 5
71. 4
69. 6
84 1
46. 8
65. 5
30. 0
68. 8

69. 7

I Column b- aX 100.
2 Column d.--column bX 100.
3Column d .-column aX 100.
4 Includes 7 for whom no occupation was designated.
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numlllber of entries above and to the rig,ht of the
diagon-al in table 1 is larger than the niumber
below and to the left. Trhere is niov-ement up-
ward ilnto professioials, ml-lanagers, ancd crafts-
men fromii operative an1ld service occuipations.
Deatlh certificates placed 45 persons in "high-
er!! occupations, socioecollomllically, thani war-
raniited, alnd placedl onily 21 in "lower" occupa-
tionls.

Fr'ank errl'or's occur' tlh-roughout table 1 in a
somewhat random manner. They are also re-
sponsible for the anomialy of persoins coded to
the correct socioeconiolllic group but niot to the
correct occuipationi withlini the grouip, for ex-
al)lple, an actor repor'te(l as an aviator'
or a painiter reported as a carl)enter. While
social class is correct for these occupations,
environmental exposures miay be completely
incorrect. Another feature is the var-iability
betweeni groups in proportion of agreemenit.
This is further presenited in table 2, wlliclh is a
summiiiiiary antd extenisioni of part of table 1.

Several com-lparisonis between pelsoiis kniowni
froim occupationial hiistory to have specific oc-
cupationis aiid tlhose designated witlh these speci-
fic occupations oni death certificates are slhown
in table 2. Coluniis a, b anid c of the table in1-
dlicate the order of mnagnitude of the error in
the nulmber of deaths attributed to ani occupa-
tioni com-pared wvitlh wihat this miunmber should be.
It is of somie iiiterest to kniow the nuLimerical
er'ror' iin the numierator of a rate even thouglh
a portioni of this nui-iber muay include the wronig
persons. Tlie greatest eiror is for farmier s anid
farm- laborers, with over 80 percent excess in
the former aind 60 percent deficiency in the lat-
ter. The obvious explanation would seem to
be the upgradinlg of farm laborers to farmers
oni deatlh certification. This is partially true
but, as can be seen in table 1, misreportingy out
of and iiito these categories is not quite that
sinmple and direct. As mihlit be expected, the
professionial category of occupations hlas the
niext hiiglhest excess, wlhich is largely a resuilt
of upgrradincg on death certificates, as can be seeni
in table 1. The other occupational. categories
aare considlerably closer to their correct numnber,
witlh onily operiatives and service workers de-
viating as niucll as 20-25 percent. The actual
rates of mortality from death certificates for
suclh categories as managers, clerks, salesper-

sonls, anid cr'aftsnmeni will not be severely biased
because of excessive or inadequate nu1mbers of
(leatlhs attributed to the specific occupationis ill
these categories.
Columns d and e in table 2 show- that on the

aveiage about 70 percent of those persons desig-
iate(l on death certificates as hlavinig a specific
occulpatioln will actually have lhad the occupa-
tionl. The iranlge is firomii 4-5.5 percenit for' far1m-
ers to 81.8 perceiit for service workers.
Coltuinii f of table 2 gives the percentage of
those persons wlho have a specific occupation on
their occupation history that is ideentically dles-
iwniate(l on their deatlh certificates.
The essential proportions for aiiticipating

aiid interpreting data from the use of occupa-
tion on death certificates in the search for ab-
normal risk of fatal dlisease are conitainedl in
colunm-ils c anid / of table 2. Columin c in(licates
the dlegree anid directioni of bias for imiortality
r1ates where, owiiig to misreporting, the percent-
age deviation froin 100 is unrelated to occupa-
tion. For example, occupationls in the profes-
sional category would be one-third excessive,
operiatives wouild be 23 percent deficieiit, anid
man-agers anld clerks would be approximately
correct. However, in the case of a specific oc-
cupatioli carrying an increased risk of (disease,
the excess deaths would be retainied in the speci-
fic occupation on death certificates accordling
to the proportions given in column f.

Conclusion and Summary

Akt the present it muist be admitted that
searching for iiicreased risk of specific causes of
mortality in specific occupatioins tlhIo'uglh deatlh
certificate occulpational enitries is a ratther cruide
amid somnewlhat insensitive imietlhod. Howeveir,
those who are iiiterested have ani excellenit
chliance of recognizing increased risks of the
or-der of several fold by this approach. It is
also likely that a signiificanit iiicreased risk, whlen
founiid, will uncderstate the true risk.

Anialysis of death rates by caiuse amid by de-
tailed occupation may reveal useful relation-
ships. Cause of death is fairly accuirately re-
ported whlile occupation, niot at present beiiig
routiniely coded or "policed," is less accurate.
The bureau of clhronici liseases of the Califorinia
State Departnment of Healtlh lhad iiiterviewedl a
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group of lung cancer patienits and controls and
had obtaineld their occupatioinal histories. To
study the limitations inherent in the use of
deatlh certificates for occupational mortality
studies, the occupatioin reported on the death
certificate was later compared with the occu-
pationi reported in the interview. The study is
based on a chlunk sample, but it indicates the
kinid of resuilts obtainable.
From comipreheinsive occupational histories,

mostly of the lung cancer patients, 304 deceased
imen aged 35-64 were assigned to the 3-digit
occupationi codes used by the Buireau of the
Census. AN sinmilar assignment of occupation
codes was iimade, for the occupations reported
on the deatlh certificates. Occupation was in
agrieemenit wlhein the assigned 3-digit codes were
idenitical. Ouit of a multiplicity of possible
rutles for assignment, thlee were applied to the
occupatioinal histories. These rules and the
percentage agreements they generated are as
follows:
"Usual occupation"imethod, the National

Office of Vital Statistics rullle-51.9 percent
agreeml-enit.
"Last occupation" method, Bureau of the

(Cenisus rule-69.7 percent agreemnent.
"Five-year exposure occupation" method, our

ownii rule-69.4 percent agreement.
Despite a phrase on the death certificate de-

fininig usual occupationl, the death certificate
enitries best represent last occupation. Because
of this situation, because (leath rates must be
conmputed by Usinig death certificate populations
for the niumerator and census populations for
the deniominator, anud because the denominator
occuLpations are defined by the census rule for
last, occupation, we usedc the last occupationi rule
for the balance of the study.

By grouping occupations into 10 broad
groups, tlhough retaiining 3-digit agreement, we
obtainied some idea of the variability of mis-
reporting,. Sinice it cannot be assumed that
this variability is ranidom, the specific niet mnis-
reporting, for each group must be uised with
caution. By considering the effects of positive
associationi between a cause of deatlh and an
occupation, it seems evidenit that strongipositive
associations will show themselves despite con-
siderable misreporting.
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